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ABSTRACT: Newton's mechanics in the 17th Century increased the lethality of artillery. 
Thermodynamics in the 19th led to the steam-powered Industrial Revolution in the UK. 
Maxwell's unification of electricity, magnetism and light gave us electrical power, the telegraph, 
radio and television. The discovery of quantum mechanics in the 20th century by Planck, Bohr, 
Einstein, Schrodinger, Heisenberg led to the creation of the atomic and hydrogen bomb as well 
as computer chips and the world-wide-web and Silicon Valley's multi-billion dollar 
corporations. The lesson is that breakthroughs in fundamental physics, both theoretical and 
experimental have always led to profound technological wealth-creating new industries and will 
continue to do so. There is now a new revolution brewing in quantum mechanics that can be 
divided into three periods. The first quantum revolution was from 1900 to about 1975. The 
second quantum information/computer revolution was from about 1975 to 2015. The early part 
of this story is told by MIT Professor David Kaiser in his award-winning book how a small 
group of Berkeley/San Francisco physicists triggered that second revolution. The third 
quantum revolution is how an extension of quantum mechanics has led to the understanding of 
consciousness as a natural physical phenomenon that can emerge in many material substrates 
not only in our carbon-based biochemistry. In particular, this new post-quantum mechanics 
will lead to naturally conscious artificial intelligence in nano-electronic machines as well as 
extending human life spans to hundreds of years and more. This development is not far off and 
is fraught with opportunities and dangers, just like nuclear power and genetic engineering. 
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QUANTUM MECHANICS AND BEYOND IN A NUTSHELL 
Classical physics from Newton to Maxwell emerged from the 17th to the end of the 
19th Centuries dealing with the motion of matter under the influence of forces - mainly 
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electromagnetism. Although Newton thought of gravity as a force, Einstein in 1915 
realized that gravity is not a real force in the same way that electromagnetism exerts 
forces on charged particles. Gravity is, in fact, the curvature of the four-dimensional 
spacetime continuum induced by large concentrations of matter. This is why astronauts 
on the space station are weightless, They move on "geodesic" paths free of real forces. 
This is basically the essence of Einstein's General Theory of Relativity. 
Quantum mechanics is not only needed to understand the chemical bond using 
tiny electrons to make molecules out of atoms, and atomic nuclei out protons and 
neutrons etc. We also need it to understand the stability and structure of solids, energy 
generation in stars as well as the long-range coherent phase wave properties of 
superfluid helium and electrical superconductors at the lowest temperatures near 
absolute zero. The achievement of high-temperature superconductivity allowing 
electrical power to flow long distances without any heat dissipation would dramatically 
change the energy picture as would the development of nuclear fusion - neither goal 
unfortunately has been achieved after many decades of trying. All of these applications 
were part of the first quantum revolution still unfinished. 
The second quantum information/computation/crytpographic revolution 
described in David Kaiser's book is about what Einstein called "spooky telepathic 
action-at-a-distance" given the more neutral name of "entanglement" although some 
call it "quantum voodoo." Einstein was not comfortable with entanglement because it 
seemed to contradict his classical physics theory of relativity which requires that no 
useful signals conveying meaningful messages can be transmitted faster than the speed 
of light in a good vacuum. However, we now know how to make observed quantum 
entanglement connecting widely separated particles consistent with Einstein's relativity. 
In fact, Einstein's mathematics is perfectly consistent with an extension of our notion of 
time, cause and effect. Our common sense is a psychological illusion in which time 
only seems in our consciousness to flow from past to present to future. This irreversible 
"arrow of time" (aka Second Law of Thermodynamics) is seen in the tragic fact that we 
age and die, eggs do not unscramble themselves, etc. However, quantum entanglement, 
which is beginning to play the crucial role in practical command-control-
communication technology, is becoming increasingly important to Google, Apple, 
Microsoft et-al in their Artificial Intelligence Big Data business, is telling us that time 
also flows in reverse from future to present. In fact, all quantum entanglement 
phenomena in the present come from back-from-the-future "destiny" partial causes in 
addition to the familiar classical historical past partial causes of those same present 
effects. In other words what happens to the world now not only depends on our past 
history, but also on our future destiny! 
Finally, we have the third or "post-quantum revolution" that explains not only how 
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our own human consciousness emerges out of the two-way action-reaction between 
classical matter particle and fields with their respective back-from-the-future destiny 
and from-the-past history quantum information "thought" mental wave fields, but all 
possible forms of consciousness including conscious artificial intelligence machines 
from Intel, Microsoft, Apple et-al at the billionth of a meter "nano-electronic" level. 
Our history mental field is the seat of our memories of things past. Our destiny mental 
field is the source of our intuition, of our creative ability to imagine, wonder and 
discover. 
A COMMENT ON HTTPS://WWW.QUANTAMAGAZINE.ORG/20170223-BOOTSTRAP-
GEOMETRY-THEORY-SPACE/#RESPOND 
Chew's bootstrap was of a logical nature. It may be connected with Igor Novikov's 
temporal bootstrap of "globally self-consistent loops in time." Novikov was mainly 
thinking about time travel to the past through traversable wormholes in a classical way. 
Kip Thorne & students then did some calculations with quantum Feynman histories 
that seemed to agree with Novikov's idea. David Deutsch and Seth Lloyd considered 
slightly different models of quantum computation between a pair of entangled qubits, 
one going back in time through a CTC traversable wormhole. We also have ER = 
EPR connecting AdS ER wormholes in the interior bulk with EPR CFT correlations 
on the cosmological horizon boundary in Susskind's "The World is a Hologram" idea. 
In fact we have both past and future cosmological horizons, which take us to Yakir 
Aharonov's locally retrocausal "weak measurements" underlying von Neumann's 
strong measurements. Huw Price of Trinity College Cambridge has clarified the 
meaning of entanglement and the violation Bell's locality inequality in terms of a more 
fundamental timelike locally real retrocausality of future causes of past effects as the 
only explanation of all kinds of entanglement that is consistent with Einstein's relativity. 
Price re-introduced the old idea of Costa de Beauregard's "zig-zag" implicit in both 
Yakir Aharonov's "destiny" and "history" quantum waves similar, though not identical, 
to John Cramer's "confirmation" and "offer" waves in the Transactional Interpretation. 
Finally, in 2015 Australian physicist Rod Sutherland has taken these ideas in an action-
principle Lagrangian mathematics of a fully relativistic Bohm pilot-wave/hidden 
variable particle model in which Aharonov's "weak measurements" are clearly 
represented a locally retrocausal "zig-zag" manner that allows us to dispense with 
higher dimensional configuration space. This is a considerable simplification 
conceptually and computationally. Indeed, Sutherland has done some preliminary 
work on quantum gravity from this new POV. Even more important Sutherland has 
taken some first steps toward a Post-Quantum-Mechanics PQM which is to QM as 
Einstein's GR is to his SR. In both cases the key is the action-reaction organizing 
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principle (not to be confused with the more specific Newton's 3rd Law from 
translational symmetry of the dynamical action). In relativity, the action-reaction is 
between the space-time continuum and matter-energy. In PQM, which requires the 
Bohm 1952 picture, the action-reaction is between the pilot waves and matter-energy. 
PQM is basically a non-statistical nonlinear theory in which messages encoded in an 
entanglement pattern can be locally decoded without a key. This corresponds to 
traversable ER bulk wormholes from signaling EPR entanglements on their horizon 
boundaries obeying Novikov's globally self-consistent loops in time. Thus we are back 
to Geoff Chew's "bootstrap" at least in spirit. The QM bootstrap posited a unitary S-
Matrix. The PQM bootstrap is non-unitary corresponding perhaps to pumped open 
dissipative structures held far from thermodynamic equilibrium, but with macroscopic 
(ODLRO) long range quantum phase coherence (e.g. laser analogy). The QM limit of 
PQM involves setting the action-reaction to zero and ad_hoc introduction of the Born 
rule for squaring amplitudes etc and then integrating the future away. This hides all 
retrocausal effects and yields the vN collapse picture of strong measurements with 
linear unitary retarded time evolution of closed systems between the measurements. 
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